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Battery energy storage for optimal renewable power trading

C. Brivio, P.-J. Alet, A. Hutter

CSEM has developed a battery model for LTO cells that is suitable for energy simulation purposes to analyze
battery usage for optimization of wind park operation. The project challenge has been to find a correct
compromise between the model complexity - its capability to represents the non-linear electrochemical behaviors
— and the computational effort required for the simulations. The model is of semi-empirical type, based on a
simplification of standard electrical circuit models (ECM). The battery model developed at CSEM has been
included into a wind park optimization process, which measures the added value in terms of imbalance penalty
reduction and the financial return from selling the renewable power into the market. Out of the six outlined
optimization strategies, two showed promising results whereby a storage owner can increase the financial return

of the wind park.

The general objective of the project BESTRADE
(battery energy storage for optimal renewable power
trading) was to expand the knowledge about the
impact of battery energy storage onto the power grid.
This objective is achieved by investigating the
opportunity to alleviate the financial impact of
renewable energy production intermittency via the
use of batteries. The specific objectives were: (i) to
model the real-time behavior of a specific battery
chemistry and (ii) to assess the financial value that
such battery storage can bring when used in the
dispatch of a wind park. For this purpose, CSEM and
implementation partners Samawatt SA and
Lechanché SA shared their knowledge: Leclanchée as
provider of LTO (lithium-titanate chemistry) cells,
CSEM as producer of the battery model and
SAMAWATT as the user of the model to run
optimization strategies. As regards of the first
objective, CSEM faced the challenge to develop a
computationally effective model to be used for long-
lasting energy simulation purposes (i.e., wind park
optimization analyses), without sacrificing the
capability of the model itself to represent the non-
linear behaviors of any battery cell. The modelling
approach used for the purpose was a semi-empirical
model based on a simplification of standard ECM.
Specifically, a two-element ECM was chosen that
includes:

e A voltage source to model the energy capabilities
of the cell and to compute/update the state of
charge (SoC);

e A polarization resistance to model the power
capabilities and to estimate the cell overpotential
in regime conditions.

Moreover, capacity fade and power fade mechanisms
were also included to account for State-of-Health
(SoH, i.e., capacity decrease) and State-of-
Resistance (SoR, i.e., resistance increase).
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The model was based on an extensive battery testing
campaign carried out in two different laboratories: the
energy system lab at CSEM in Neuchatel and the
Energy Storage Research Center (ESReC) in Biel
(Fig.1-left).
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Figure 1: LTO cells under tests, and aging tests
results.

Different testing protocols have been developed to
determine the model parameters. Specifically: (i) the
OCV characterization.

tests to derive look-up table which links the open
circuit voltage with the SoC; (ii) the efficiency
characterization tests to derive the polarization
resistance parameters as function of the current rate
and SoC; and (iii) aging tests to determine the
parameters of the SoH model (Fig.1-right) and SoR
model a as function of the equivalent cycles and
current rates.

The developed cell model has been scaled-up to a
system level by using a per-unit approach (i.e., the
power/energy ratio is preserved), implemented into
Matlab script and used to run simulations. The model
performance was respecting the limitation of
execution time below 4s for a 24h scenario evaluation
set at the beginning of the project.
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Figure 2: Wind park optimization strategies and
results.
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